Computerised tomographic (CAT) scanning provides a new method of assessing ventricular size. Because this technique is atraumatic (unless anaesthesia is required) it is likely to be used much more freely than previous methods, and in particular repeated examinations in the same patient will be feasible. This makes it important to know the reliability of assessments of ventricular size based on CAT scans, and in particular to know the significance of changes in size between different examinations on the same patient (Gawler et al., 1976; Roberts et al., 1976; Penn et al., 1978) .
Estimates of ventricular size are important in diagnosis, in deciding about the need to intervene surgically (in particular by ventricular shunting procedures), and in judging the efficacy of treatment designed to deal with hydrocephalus. The range of changes in ventricular size encountered in clinical practice has led most people to feel that decisions can be taken without an exact measure of ventricular size. While this may be so, there are likely to be an increasing number of circumstances in which precise measurements will be of value. In normal pressure hydrocephalus it has been suggested that the results of shunting do not correlate with a reduction in ventricular size (Shenkin et al., 1975; Jacobs and Kinkel, 1976) , but the accuracy of the estimation of size must be carefully considered in studies of this nature before drawing such conclusions.
Monitoring of intracranial pressure has been applied in a limited number of conditions. Where mean intracranial pressure is not grossly increased, other parameters have been sought to quantify the degree of abnormality. The presence of B waves and the width of intracranial pressure pulse have been suggested to be of prognostic significance in patients with normal pressure hydrocephalus (Symon and Dorsch, 1975; Belloni et al., 1976) . Attempts have been made to measure indices of brain compliance (Brock et al., 1975; Avezaat etal., 1976; Marmarou et al., 1976; Szewczykowski et al., 1976; Sullivan et al., 1978) . The clinical significance of a certain value for compliance in large ventricles compared with that in small ventricles is, however, not clear (Miller et al., 1975) , and so ventricular volume is a parameter which should be considered when assessing the results of intracranial pressure measurement.
Ventricular CSF metabolites such as HVA and 5HIAA have been estimated in various neurological disorders, and conclusions drawn without any reference to the ventricular volume of distribution. It cannot be assumed that this volume remains constant in any patient and certainly not in patients who have been shunted (Maira et al., 1975 (Milhorat and Hammock, 1971) . It is important not to exaggerate this problem: blurring of the ventricular image is caused mainly by limitations of collimator design (Griffith and Staddon, 1973) . Therefore, from the point of view of ventricular volume measurement it is important that images taken fairly soon after injection of the radioisotope are used. Ventricular volume may be estimated from two perpendicular images using the following methods.
1. In the method of Akerman et al. (1972) As there is not an appreciable difference in gamma ray attenuation between brain tissue and ventricular CSF, absorption will produce an error only if there is a significant asymmetry (Fig. 4) . In this extreme situation shape C, which has the greatest part of its bulk furthest away from the gamma camera, is underestimated in volume by about 11 %, conversely shape B has its volume overestimated. As ventricular shape will be much less asymmetrical than this, the error caused by asymmetry should be small and typically not more than 5%. (Last and Tompsett, 1953) . Some radioisotope was then introduced into the phantom, and it was imaged in the conventional way. The results indicated that a threshold value of 40% is suitable along with values for the empirical constants of Kl=0.53 and K2=0.76.
COMPARISON OF THE RADIOISOTOPE METHODS
Eight sets of ventriculograms of patients being investigated for normal pressure hydrocephalus were used. An isovolumetric injection technique was employed in all cases. Two sterile syringes were connected to a three-way tap, one empty and one containing 50 p.Ci or 99mTc DTPA in 1 ml of saline: 2.0 ml of CSF was withdrawn into the empty syringe, the injectate was then introduced and flushed in with 1.0 ml of the withdrawn CSF. No isotope was left in the catheter with this technique. Scintiphotos taken, beginning at 5 and 15 minutes, indicated that mixing was completed after five minutes. Figure 5 illustrates the results of volume estimation by methods 1 and 2.
There are two types of error associated with these methods, El, a computational error determined by the accuracy of measurement of A, B, and C, and E2, an error which is governed by blurring effect produced on some of the narrow CSF connecting pathways. The error in A, B, and C can be estimated to be around 8%, 16%, and 8% respectively for normal ventricles making a computational El in V of around 20%. This will be greatly reduced for large ventricles. As the shape of the ventricular system does not generally vary a great deal from person to person, and as the method was calibrated against the realistic phantom, the error E2 should not be much more than an estimated 10%, making the overall error of the method somewhere between 25% and 30%.
The main source of error, E1, in method 2 is again in the measurement of B. The total accuracy of this method can be assessed experimentally by comparing the volume obtained from the vertex projection with that obtained using the anterior projection. The mean ventricular volume of the patients studied was 37 ml and the standard deviation of the difference between paired meaEurements was 7.3 ml, giving a total error of 20%.
COMPARISON OF THE RADIOISOTOPE AND CAT SCAN METHODS
Eight of the patients investigated above also had a CAT scan. Using the criterion that Hounsficld numbers less than 8 represent CSF, ventricular volume estimation was performed on these scans. Figure 6 shows a comparison of these results with corresponding radioactive isotope results. 
Discussion and conclusions References
The radioactive isotope determination was performed using a poor resolution gamma camera (NE MkIV) with an intrinsic full width at half maximum of 16 mm, and the data were stored in a PDP-12 computer using 64X64 matrix. A better resolution gamma camera and a finer matrix would greatly increase the accuracy of both these methods.
It is important with these methods to ensure that mixing is complete. The presence of a focal hot spot which takes 30 to 40 minutes to disperse indicates delayed mixing, and if this is the case the later views should be used in the volume estimation.
The CAT scan method has a better resolution but poorer signal-to-noise ratio compared with the radioactive isotope methods, and it is very sensitive to changes in threshold. It is obviously the method of choice for patients with no ventricular catheter. Penn et al. (1978) calculated the error in ventricular volume estimation to be 16% based on phantom measurements. They found a similar critical dependence of computed volume on Hounsfield number threshold to that illustrated by us in Fig. 1 . Our estimation of a possible error of between 20% and 30% is for scan data on patients where uncertainties about skull thickness or presence of surrounding oedema have to be coupled with the fundamental inaccuracies of the scanner which can be measured from phantom scans. Pneumoencephalography does not provide a flawless independent estimate because the introduction of air into the ventricles changes ventricular size (Gawler et al., 1976) . General anaesthesia confounds the problem still further (Moseley et al., 1977) .
In conclusion, the error associated with a single measurement by any of the methods in this study is between 20% and 30% but the radioisotope methods, with a fine resolution gamma camera, offer a potentially more accurate determination of volume because of the higher signal-to-noise ratio.
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